The distribution of guanidinoacetate amidinohydrolase (GAH), 3-guanidinopropionate amidinohydrolase (GPH) and 4-guanidinobutyrate amidinohydrolase (GBH) among ten representative strains of fluorescent Pseudomonas was examined. GBHwas produced by most of the strains, but GPHwas produced by Pseudomonas aeruginosa strains only, and GAHwas produced by one of the three P. putida strains and by Pseudomonassp. ATCC14676. In most of the GBH-producing bacteria, including Pseudomonas sp. ATCC14676, GBHwas induced by L-arginine as well as by 4-guanidinobutyrate. In contrast, the enzyme was induced exclusively by 4-guanidinobutyrate in two strains of P. aeruginosa and a strain of P.fluorescens. GBHof P. aeruginosa PAO1was purified to apparent homogeneity and the enzymeprotein was comparedwith the GBH protein from Pseudomonas sp. ATCC14676 by one-dimensional peptide mapping. The fragmentation patterns from the two proteins, generated by subtilisin BPN', thermolysin, a-chymotrypsin, and
Staphylococcus aureus V8 protease, exhibited the obvious structural homology between them. These results indicate that P. aeruginosa lacks one or more of the enzymes which participate in the degradation of L-arginine to 4-guanidinobutyrate in P. putida.
Three amidinohydrolases which hydrolyze co-guanidino acids to co-amino acids and urea have been found in Pseudomonas. Guanidi as GBH)2) of Pseudomonas sp. ATCC 14676 have been purified to homogeneity. Pseudomonasaeruginosa PAO1 has been shown to produce GBH and 3-guanidinopropionate amidinohydrolase (EC class 3.5.3, abbreviated as GPH),3) which has been purified and characterized.^These amidinohydrolases have been shown to share several molecular and catalytic properties despite their distinct substrate specificities, and thus it has been suggested that these enzymes have evolved from a commonancestor.4) Wehave recently extended the comparative studies to the examination of the distribution of the enzymes among fluorescent strains of Pseudomonas, and it was found that most of the strains produced GBHbut the distribution of GAH and GPH was restricted and that GBH of some strains was induced by L-arginine but the enzyme of P. aeruginosa PAO1 is not.
GBHhas been found to catalyze the fourth step of the L-arginine catabolic pathway in P. putida P2 ATCC 25571, 5'6) Fermentation, Osaka (Osaka, Japan).
Culture conditions. The culture conditions for the examination of the distribution of amidinohydrolases were similar to those described previously;9) each inducer was added to the cell suspension at a concentration of 0.1%; the suspension was placed in a L-shaped 20-ml culture tube and incubated at 30°C for 6hr under aeration. Cultivation of P. aeruginosa PAO1 cells used for the purification of GBHwas performed as described previously.^For the examination of the nutritional properties ofPseudomonas sp. ATCC14676, the cells were grown in a medium containing 0.2% NH4NO3, 0.2% NaCl, 0.1% K2HPO4, 0.01% KH2PO4, 0.01% MgSO4-7H2O, and one of the compoundsto be tested as the carbon source at a concentration of 0.1%. The cultures were grown in Lshaped 20-ml culture tubes at 30°C under aeration. amidinohydrolase was defined as the amount of the enzyme which forms one /miol of urea per minute under the conditions described. Protein concentrations of crude extracts used for examining the distribution and the inductive response of enzymes were determined with Bio-Rad protein assay reagent according to the factory manual, using ovalbumin as a standard. On purification of enzymes, protein concentration of crude enzyme was estimated by the method of Lowry et al.n) and protein in purified enzyme preparations was determined from the absorbance at 280nm using an E(%) value of 10.0. The concentrations of proteases used for the peptide mapping were calculated on the weight bases without correcting for the water content.
Purification of GBHfromP. aerugiosa PAO1. GBHof P. aeruginosa PAO1was partially purified by a procedure similar to that described previously for the purification of the enzyme of Pseudomonas sp. ATCC 14676.
2) The preparation obtained after the final step (37.3 mg, specific activity 287) showed two protein bands on polyacrylamide gel electrophoresis.15) The enzyme was purified further as follows: The enzyme, dissolved in 0.1 m Tris-HCl buffer, pH 8.0, containing 1.0 dim 2-mercaptoethanol and 0.5 him MnCl2 (buffer A), was supplemented with ammoniumsulfate to a concentration of 2.0m and applied to a column (4 x 10.5cm) of Whatman CC-31 cellulose equilibrated with buffer A containing 2.0m ammoniumsulfate. The enzymewas eluted by reducing the concentration of ammoniumsulfate from 2.0m to 1.0m by use of a linear gradient elution equipment; the total elution volume was 1000ml. The elution was performed at a flow rate of 4.5 ml/hr/cm2 and 5 ml fractions were collected. Fractions 52~74 exhibited enzyme activity and the enzyme in fractions 52~58 was found to be essentially homogeneous on polycrylamide gel electrophoresis. The homogeneous enzymewas dialyzed against buffer A and concentrated to procedure were given in our previous paper.9) Table I lists the specific activities of the extracts that exhibited at least one of the amidinohydrolase activities.
As shown in Table I , is very close to the P. putida strains.
Comparisons of some purified amidinohydrolases by one-dimensional peptide mapping GAH1} and GBH2) of Pseudomonas sp. ATCC 14676 and GPH4) of P. aeruginosa PAO1 were purified to homogeneity as described previously. GBHof the latter organism was purified to homogeneity as described in this paper. The four purified amidinohydrolases were compared by one-dimensional peptide mapping according to Cleveland et al}2) Among the various proteases tested, S.
aureus V8 protease, a-chymotrypsin, subtilisin BPN', and thermolysin were found to be suitable for the comparative study of amidinohydrolases; they formed adequate numbers of relatively large peptide fragments at the early phase of proteolysis. The amidinohydrolase proteins were digested by any of the proteases in the presence of SDS and the digestion products were separated by polyacrylamide gel electrophoresis in the presence of SDS. Figure  1 is a typical profile of the course of protease digestion obtained with GBHof Pseudomonas sp. ATCC 14676 and subtilisin BPN'. Such experiments were performed for every set of the amidinohydrolases and the proteases, and one or two samples were selected for comparative experiments from the samples of each course study.
The fragmentation patterns of GAH,GPH, and the two GBHproteins generated by digestion with thermolysin are shown in Fig.  2 . The peptide fragments with molecular weights of about 12,000 or above, and the subunit of the enzyme (38,000 molecular weight for GAH, or 35,000 molecular weight for GPH and GBH) were seen in each lane. The These observations suggest that this peptide mappingmethodis rather sensitive to amino acid exchanges of homologous proteins.
DISCUSSION
Three amidinohydrolases which hydrolyze co-guanidino acids have been found in fluorescent Pseudomonas. GAHX) and GBH2) have been purified from Pseudomonas sp. ATCC 14676, and GPH4) has been purified from P. aeruginosa PAO1.The molecular and catalytic properties of these enzymeshave been shown to be rather close, and thus we suggested that these enzymeshave evolved from a common ancestral gene. 14676 possesses the P. putida-type L-arginine pathway and GBH of the organism participates therein. The Pseudomonas strains other than P. aeruginosa may also possess the larginine pathway, since GBHof these strains was also induced by the amino acid. In contrast, GBHof P. aeruginosa was not induced by L-arginine, indicating that the organism does not possess the P. putida-typQ L-arginine pathway. The peptide mapping study of GBH proteins from Pseudomonas sp. ATCC14676 and P. aeruginosa PAO1indicated the structural homologybetween the two enzymeproteins. This implies that the ancestor of P. aeruginosa possessed the P. putida-type larginine pathway, but one or more enzymes which were involved in the conversion of larginine to 4-guanidinobutyrate have been lost.
Although the evolutionary relationships between the three amidinohydrolases of distinct substrate specificities have been suggested,4) the peptide mapping experiments could not demonstrate homology between them. This may be due to the relatively high sensitivity of the mapping method employed in this study to amino acid exchanges of homologousproteins, as demonstrated with the two lactate dehydrogenase isozymes. Partial determination of the sequences of these amidinohydrolases are in progress in our laboratory.
